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ABSTRACT

Effect of Sambucus sieboldiana extract on the
cell growth and extra cellular matrix

formation in osteoblast cells

Kim, Jung-Sun
Advisor: Prof. Kim, Su-Gwan, D.D.S., Ph.D.
Department of Biodental Engineering,

Graduate School of Chosun University

The bone formation is made by osteoblasts under the control of hormones and
by cytokines and local factors residing in the extracellular matrix of bone. The
osteoblasts mineralize bone matrix during bone formation and osteoblastic
differentiation is an important process of bone formation. Some oriental drugs have
useful effects for bone formation in oriental medicine. Sambucus sieboldiana is a
member of the family Caprifoliaceae and has been recommended as a functional
material because of its several bioactivities such as arthritis, lumbago, fracture,
traumatic—hemorrhagic and promotion of bone formation. Although numerous
literatures are available on the pharmacological and biological activities, the
biological activity of Sambucus sieboldiana in bone regeneration process has not
vet been well defined. In this study, the effect of Sambucus sieboldiana was,
therefore, investigated in the proliferation and differentiation of MC3T3-E1l

osteoblastic cell line.



To determine the characteristic alteration of MC3T3-E1 cells by Sambucus
sieboldiana in the proliferation and differentiation of MC3T3-E1 cells, it was
examined by cell culture, MTT assay, Von Kossa staining, RT-PCR and

quantitative real-time PCR analysis in MC3T3-E1 cells. The results are as follows.

1. The treatment of Sambucus sieboldiana did not significantly affect the cell
proliferation in MC3T3-E1 cells.

2. Sambucus sieboldiana significantly accelerated the mineralization as compared
with the control culture in the differentiation of MC3T3-E1 cells.

3. Sambucus sieboldiana significantly increased the expression of alkaline
phosphatase (ALP) mRNA as compared with the control in the differentiation of
MC3T3-E1 cells.

4. Sambucus sieboldiana significantly accelerated the decrease of osteonectin (ON)
mRNA expression as compared with the control in a time-dependent manner in
the differentiation of MC3T3-E1 cells.

5. Sambucus sieboldiana significantly increased the expression of osteocalcin (OC)

mRNA as compared with the control in the differentiation of MC3T3-E1 cells.

These results suggest that the Sambucus sieboldiana facilitate the osteoblast
differentiation and mineralization in MC3T3-E1 osteoblastic cells, and therefore, that
it may have potential properties for development and its clinical application of bone

regeneration materials.

KEY WORDS: Bone formation, Sambucus sieboldiana, Differentiation,

Mineralization, Osteoblasts, Proliferation
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e

e AzEE vl Al 7 Axer 2450 Jdat o] tan 74 AEE

Lo

O

AAst T AldE 7] 7hA o] o] AR ¥

-'14

473 glor}, ob47kA dgatA Ratn 9
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=
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phosphatase(ALP), A13]3}2 7§A3F+= bone sialoprotein(BSP), @92 wxA3%S &
%3} procollagenlysyl hydroxylase-2(PLOD-2), 13]3 ZAAHAS xAs=
osteonectin(ON), osteocalcin(OC) % osteopontin(OP) 5] A tH1,3].

AEA A A2EZA = isoflavone, coumestan, lignhan S°] Ao o F
isoflavone =oAL} ##Aste] &s] A7 e Fl A AEA qrER
Aol th9,14]. HF 5 (Sambucus sieboldiana)- &3 HELpESo] &8ta 21X 9] &
A8 w7 Age Z2dErviel, A ER dEA JduIbl 1 FREE
HFUT, WS g3 ur, 9AE U, AGF U, Ao 2 sy Sl e
W, B HJuHor AMEY & Jul5] fHuEe T4 udEd

4 =8 frastvhal 2 AvH16,17]. T3 AESo] oAy B ehub, Pl

of AAT WS Vet delA wzego del Agsa o617 Lejt
Y22 APA FHE ool waME o}y 33 deid A4 Lo, B2 Y

A AR FAN ZIAAN HE2Ee] Bedd Ve E

wetd B AT AE 2ZAEZA A FAY 2ZAEF MCIT3-E19] =23
Balgol ] HITEo o3 AMTFo EAMSE BAsd ZTAE Fde] Az 2

Agg 9
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II. 2848 2 44

1. 248AQ =8

AH FAH 2ZAEF MC3T3-E1E& American Type Culture Collection(ATCC,
Rockville, MD, USA)ell A 94ste] Aol o] &3t Arh(Fig. 1.

M-MLV reverse transcriptase®t RNasin® plus RNAse inhibitor % dNTP=
Promega(Madison, WI, USA)°lA Fst¥ o™, AccuPower® PCR premixt
Bioneer(th A, oistul=)o A Fdste] ARESEA T 3-(4,5-dimetylthiazol-2-y1)-2,5-
diphenyl tetrazolium bromide(MTT)+ Sigma(St. Louis, MO, USA)olA FY3H S
™ TRI reagent kit Molecular Research Center, Inc.(Cincinnati, OH, USA)o| A
olsle] A}8319 T}, Brilliant I Ultra-Fast SYBR® Green gRT-PCR master mix:=
Agilent Technologies(Santa Clara, CA, USA)olA +4&9 2™, Von kossa @S
95l Silver staining kit acc. to von Kossa®t Nuclear fast red-aluminum sulfate

solutione Merck KGaA(Darmstadt, Germany)ol A T+ 38to] AF-& 3191t}

2. AZE JdE2 F&
Azx"E HEFE(Sambucus sieboldiana)S  Jeonnam Herbal Medicine Farmer's

Cooperative( ', digtql=r)ol A F9lste], 22+ &5 o83t E-ES AAS o

|
M
L

=
Aot B F 1099 9% e olfate] Aol 2447t I PA

LT, =

ol

bo 3%

o

19t 552 Advantec No. 2 IR & o] &3te] oIt & rotary



evaporator(N-1000V-W, Eyela, Japan)S ©]&3dle] 7t 5390, 539 FEES
“40TCNA 3d S SAAZ e, 2°CoAA Hsty B Ao Alga ALg

ot
3. AEWY

ABH FAR ZFAHEF MC3T3-E1E 10% fetal bovine serum(FBS, Invitrogen
Co., Carlsbad, CA, USA) % 3AA(100u/ml penicillinm, 100gg/ml streptomysin)”}
g5 37°CY alpha-minimum essential medium(a-MEM, Invitrogen Co., Carlsbad,
CA, USA) A&uA atoll A wjefatir Aol o] &stidt. AlELE3ket 337 s

Aetol AE7F wiFHAIANA SHEA A -, FAuj Aol ascorbic acid(504/ml) 2t

B-glycerophosphate(10mM)E 3 7}38Fo] v 3k tH18,19].
4. MTT &4 & AxF2 33
HaIT&o o3t AF F/HH ZZFAESF MC3T3-Ele AlxF2 ads #zsH7]

915, 24well plateol] 4 x 10" cells/well2] MC3T3-E1 A& HZEs 9o, 37°C2 CO,
Hj k7)o A 24A17F vl kst & AR AR wA s AEE FEE 1 ~ 300ug/ml
S H7beke] 24X FoF widsig o, AxFA g3E MTT #4o=2 FH35t% T
MTT #42 H=F5 FE555 A MC3T3-El Alxe MTT €4 (MTT HE5=
0.5ug/10)S  37°ColA 4XzF Aeld F MTT €4S A7 004N HCle] Hhd

isopropanol2 =W o] 570nmolX FF =& FA ko] Al sk vH201.



5. Von Kossa 94 & 53 2714 d4 &4

ZHAEF MC3T3-E19] A3lst 24dE& &<dat7] 915kl Von Kossa @45 A9
AT 3 =E 93] ascorbic acid(50xl/ml)2} B-glycerophosphate(10mM) S 3
B FEES A 4 ddT9 MC3T3-El Al%E5 PBSE 33 A%

5, 70% ethanole= ©]-&3ste] 1021 A4sAt T/HTE AHT F, 5% AgNOs=
Agste] 307 el B on, SHFE ol &t 3] AFHEAY. 4 AT
o] MC3T3-El1 A& #eAS 1687 ZASE & NaHCOs/formalin 9b& ool 73
of &9 AgNOsE S3AIZAY. 2t Aol nuclear

fast red A5 537F WHEAIA oW, SHFTE ol &ste] 3] AHGE T A WIlE

#A3HG . MC3T3-El AEF9] RI47E Fste] fisto] RahlAg T@a

6. A THFELIHATE(RT-PCR) &4

HaEd FE=5 Agsta AxzEstet A3sir =9 7 438079 MC3T3-El
M 3EFo)| 4 TRI reagent kit(Molecular Research Center, Inc., Ohio, USA)Z o]-& 3}

total RNAS %3 & xeA £37](UV spectrometer)E o] -&3to] 260mmel A &%

o
a

il
|\

=
4, FE59 RNA9 F=& Axtsldth cDNAE #4437l $1she] 5uge] total
RNAZE reverse-transcriptase(Promega, Madison, WI, USA)2} oligo(dT) primerE ©]
&sto] 42TolA 6023 AL ®REgE AdEAt. FAHE cDNAE  alkaline
phosphatase(ALP), osteonectin(ON) % osteocalcin(OC) <] primer(Table 1)& ©] &3}
o THFELAATS(PCR)S Aldatadtt. PCR ¥Hg Z1& 94TdA 5F, ¥4

(denaturation)¥+3-2 94ColA] 15%, A% (annealing)¥H3-S 50~55 ColA 30%, &
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(extension)Wrg2S 72CeolA 30%7F 30F7|5 ¥WHEslar, vpxul F3ubS-o 72T A
1027 Agste] d9bgAl AT ZF primer®] Twn #S 3233t ON¥} GAPDHE ZA3it
$ L5 55T, ALPS OCY Aguhs 2% 50C= A8ttt RT-PCR % 1.5%

agarose gel°lX H7]9d-538to] Z}7+e] PCR productE 2H¢l&taith.
7. A% PCR &4

Az Estel A3strt e 2 Adare MC3T3-E1 AlZFe A4 OC4 mRNA 2

A% PCR Aoz A8As4t}l. Brilliant I Ultra-Fast SYBR® Green

[-4 U
tlo

qRT-PCR master mix(Agilent Technologies, Santa Clara, CA, USA)Z o]&3}o]
cDNA 1pg, 2X SYBR Green master mix 100, Z} primer 10, 100mM DTT 0240 2
RT/RNase block 1E T3 & HA F37F 207t =5 DEPCE A3 &=

A A5l Exicycler ™ 96(Bioneer co., Daejeon, Korea)S ©] 8314 95Col| A 158 7F

s

IES-A1ZL 5, 94 C oAl 16%, 55TCell A 30%, 70TCAlA 3025 453] whE&lo] WHE-AF

ne

A= PCR ZA¥}E qealculator 1.0 program(Institute of Pharmacology &
Toxicology, University of Bonn, Bonn, Germany)& ©]&3Fo] Ct kol W& mRNAY
S AHgH oz Aakste] BEAstrt A S 93 WF i ZE(internal control) & 2=

GAPDHE o] &3t o, A=k PCR &4 AF&3F OC primer sequence™ RT-PCRoI

—

Aol BSeh B AL Ageket,

8. dda g9 FASH AR

Al
=

ol

e

A e mean + SEMOE Ve, 7 @i 7t Fo4 @A

5



ANOVA 359 Student’s t-testZ a3 2™, p valueZ} 0.05 7] 7Hp<0.05)2] 73 -F-oll A

AR oAl Y Aew AFFA



Table 1. Primer sequences for PCR

Primer Names Sequence (5'—3') PCR Product (bp)
ALP (sense) CTCTCCGAGATGGTGGAGGT
430
ALP (antisense) GTCTTCTCCACCGTGGGTCT
ON (sense) ACGGCCATACCTACAGCTCT
268
ON (antisense) AACCAGTCACGGAGCCTATC
OC (sense) CCACAGCCTTCATGTCCAAG
173
OC (antisense) GGCAGAGAGAGAGGACAGGG
GAPDH (sense) GGTGCTGAGTATGTCGTGGA
196
GAPDH (antisense) CAGTTGGTGGTGCAGGATG

ALP: alkaline phosphatase
ON: osteonectin

OC: osteocalcin



43 2 5

1. 325 F£E4 9% MC3T3-El A+ 54 83

AF TR ZIAEF MC3T3-El AEZFoA HI3E FE55 A& 9 S
2= a3E gotr 7] f3 MTT 45 AAstdt. J=5 F5&5 1~300ug/mls
24X7F AF A3 HFE FEELS MC3T3-El Al2F9 S20 J38S F4 &%
o 7P 2% xSl 300ug/mlol A E MC3T3-E1 AlE£F9 S48 <9zt a7
Aol AAHFig. 2). M o] F B Ao HEFE FEFE 100ug/mls © &3}

o] MC3T3-El AlZF &E3tol] mA= ofe] 7HA 235 AT

2. MC3T3-El1 £3# AN AXe 712 vA= HIE 27

BH =ZAHEF MC3T3-E19] Alxe] 71dddo vAl= A5 ads &<l

o
-

}-H

71 #18ked, MC3T3-E1 A5 23 3gelM =5 F5= 100ng/mle A2 § F
dAe Al o, 3k

2 938} ascorbic acid(50x/ml)¢} B-glycerophosphate(10mM)E & 7}sl ot 234

71 do] HAE 7dE& AMorg THEE Von Kossa
T 10€AdAMEH txdy JIEE FE5 A TolA Mz 7|d3ddo] dojiyy]
AlZtelF o E3f % 159A7MA = HETH JIE3E FE2E ATolA AxEQ 7]

Agael FAe Aol AN Fig. 3. 12} BIHE 20U LA E 2wl

fl

el Has FEE AdTdM Axe 7ddAde FI SUhE AT & A

(Fig. 3).



3. ZEAXF ZEAARANA £33 FolfAdAEY TdA wA

fr
i)
ik
A
Lo
ol
K

AF ZZFAESF MC3T3-E19 ascorbic acid®}t B-glycerophosphateE 3 7}sle] 4
3|3t Ade] IAS g vl HANA FEHe a5 E48t7] flal, MC3T3-El
AxF Z3hAgeN HeEs FE5= 100pg/m= A2 § ALP, ON ¥ OC 747}
primer(Table 1)& ©]&3t9] RT-PCRS A3 3}t

ALP mRNA?®] #&e MC3T3-El AlXZF9] Zshf% gl F7hetd thFig.
4). ol M= wig 7d A M 0L R 66699 ALP mRNA T3S KHol7
Alztetslom, 15U A ol M= 4.820), 204491 A= 51481 ¢] ALP mRNA ZdS o3
& 4 AUHFig. 4. 25 FE2 AHgTdA e 7LdAe g 0LdA B 125108 9
ALP mRNA 2d& Ha, 1544 M = 11908, 20d# <M= 1073w ALP
mRNA &S #2335 dlen, ALP mRNA® Zdo] dixo] nls] oF 2u) A

T S7HEE S35 AT & AT Adte MC3T3-El Al®59 Z3h#5%= 3

o

4 HETHE ALP mRNAS HdL /MWL ¢+ A THFig. 4.

2 Ao A MC3T3-El MEFA E3&5 F%5% § ON mRNA®S o] 74

S A4S BET ¢ AUTHFig 5. WETAN ONS WF 7 g 02

o 07791 wAe mgom, 150 A 078, 209 A= 080 WHo] Ha
i

sHAthFig. 5). =& FaEa AgTdMs v 7R wig 0LdAET 0.701) €]

OC mRNA®] ¥&d2> MC3T3-El AlZF9] E3tt% G4 F7et A th(Fig. 6).

ol M= v eF 7 A vk 0L AR 121912 OC mRNA 2d S Hol7] A%}



shaiom, 154 Aol = 1.254, 204 Aol A= 1.1891¢ OC mRNA 2dS wzkeh
AT (Fig. 6). A=H FZ2E Agwors 7440 vk 0dARTE 22089 OC
mRNA 2&dS B9, 1584045 1.958, 202 Aol A= 1.52912] OC mRNA #&
S #EE = den, OC mRNAS Tdo] ujek 7dA = tiz=ato] ws] oF 2w)

A5 FHES FAT F Atk B AT A% MC3T3-El AEFe] $ahfs 3

4. ZZAXF LA AAA BF PCRA 23 £3 HolFAAEe TIAEY

AxEetel A3537t frEE 72t Ao MC3T3-El Al£Fo14 0Ce mRNA ¥
d5 AE PCR w222 AEst7] 938l, MC3T3-El Alx5 w3aAdAa Ha5k
2% 100ug/mS AYdF F OC primerE ool AT PCRS Al sttt
RT-PCR Z#o]4 OC mRNAS w&o| 7} weokow tza 74 o]z #Hd
w ok 798 o] A PCR 23, OC mRNAE tixatol] H&] HEFE 52 A
ol 1 wrdol 2108 F7bekel ov(Fig. 7), A% PCRel 93 mRNA Zd 24 2}

i RT-PCR 423t dAgs AT = A
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A FzEe s wel7] 9, A FAH 2ZAEF MC3IT3-ElAdA 3%

g HEFE 2252 Y3 5 MC3T3-El Al2F9] EAWsE B89t
ZZMEF MC3T3-El AEZFA Has FE5E] AE 2 34 vHx= 23

g golry] 9% MTT 4 Ay 2 AqolA Agd 5=01~300ug/mhel HFE

FZ52 MC3T3-E1 AEF ZF29

o2
OI

FS A EUdthFig. 2). AT EE
(growth hormone, GH), insulin like growth factor-I(IGF-I) ¥ transforming growth
factor-B(TGF-B) &2 Z&EAX9 FA& Fste] W] s FXete= A4AAE
2 4 9o W[21,22], platelet derived growth factor(PDGF)$} fibroblast growth
factor(FGF) 22 A& A=E W o A x| 7[do| AEo] &o] nA&gelA =4

S

==
R B S

ofN
>,
filo
o
of

A 3 = (progenitors) 9 Fe A7 4E AFsota gl dr21-23]. g+

H

A bone morphogenic protein(BMP)9] = X8 ¥ (osteoinductive effect)= ¢~ T}
stol BMPY ofdolv} ZxAdAEe] dd e wet 27 1 7]se] vg2A4 veRdt

[24]. & AFdA HEH FE52=S MC3IT3-El AEF9 T4 d3dFs 74 ¥t

W, o] A3t= HEs FEEol 2IAEY AR S dFE A4 5= A4
Eiass

2 AFAA E3tEd ZZAEF MC3T3-E19] Al 7[d3 Aol A= Hak
o B35 #elst7] #fste], MC3T3-El A5 Z3AAAN Hos F2S AHT

F71dol HAE 7HS Ao R FHSF= Von Kossa GAS Al Y3ttt 37
2 At A3t A4

o]
Azretg o, Half= 208 A9 219 A= xRl HE] HEE FEE AP olA

o
_1

i
S
e
)
=
Y
$
L’L
=
BN
Hd
=
2
i
¥
o
e
o,
o

4

oA 2EAEFE FHE ARHoE FAND + 42 A Ao
MC3T3-El A|ZF9] 23abgo]s 2ZAE B34S Fobui EAAZ ALPY 2



e AP HEBE FEE 2IAE A vAE IS
ALP mRNA® &2 MC3T3-El Alx59 £3i= AAdA F7tetion, d=5
FEES ALP mRNAS 23S oS F7MATHFig. 4). 53 Bshf% %79 &3}
747 ALP mRNA®| 2o 7b Wdth ALPx XA =44 &2 u
I Aol HE UM gE APFATFE[526]0 AIE Kol E AT HEE F

o] 2EAE 3y FolM =24 I 2V EEe

!

i

=7FE ALP 48& AMEe] 7]"el calcium phosphates 3 ZHA]
oA MBS fFEoto] IAEY ket dxol TS HYY Ao A4
25,261

Aol A MC3T3-El A5 &334 o4 ON mRNA®] ¥do] Zasialon,

58 Q2 FEE ATl N3 240 FHEA ON mRNAS o] ¢

tlo

& sk th(Fig. 5). ON2 Rl AEo= Azt Alxe] 72 AJszag

zAdm ALY /1A% PFHS AGE FURAR SelA Qon, FA% FF

o,

of A7 AEFT] AA 7eol Udvkal delA UTH27-29]. E Aol A ON
mRNA ZHdo] sk A3 MC3T3-El AEFY 338 oA HaximS AEe

A3 wAe ofAst B ON mRNAS WdS 747 A3 44 34

OC mRNA<®] %d-2 RT-PCR(Fig. 6)3 A& PCR(Fig. 7) Z¥lx MC3T3-El
AEF 3= #4 T S7hstden, J38% F5=2 0C mRNA9 Td S o5
Z7MNZA o, ALPO| BluaiAE AA F7helA @okth E3] ALPO A $olA9 &
AbeAl B E 2719 23 744l OC mRNAS wdo] 7H @kl OCE =3
gl AstetA FAARM A LM FEEHH, Hladyd dde dF sR7F =
P4 4R s FAT F 9= 2200 30]. E3 OCE Folu Aobd 2 A3)sd <
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Fig. 1. Microphotographs show MC3T3-E1 mouse osteoblastic cells; A (x 40), B (x

Fig. 2.

Fig. 3.

100).

Concentration-dependent effects of Sambucus sieboldiana on the cell
proliferation in MC3T3-E1 mouse osteoblastic cells. The MC3T3-E1 cells
were treated with various concentrations of Sambucus sieboldiana for 24
hours. The cell proliferations were determined by the MTT assays. The
percentage of cell proliferation was calculated as a ratio of A570., of
Sambucus sieboldiana treated cells and untreated control cells. Each data

point represents the mean + SEM of three experiments.

Mineralized nodule formation in MC3T3-El cells. The mineralized nodule
formation induced by the differentiation media and Sambucus sieboldiana
was examined after 0, 5, 10, 15, 20 and 21 days of culture. The cells were
grown 1In the presence of ascorbic acid and B-glycerophosphate for
inducing the mineralization and were examined the effect of Sambucus
sieboldiana on mineralized nodule formation. The nodules were detected by

Von Kossa staining.



Fig. 4. Effect of Sambucus sieboldiana on alkaline phosphatase (ALP) mRNA
expression. The first stand cDNAs prepared from the MC3T3-E1 cell total
RNAs were used as template for PCR amplification. The PCR products
were electrophoresed on a 1.5% agarose gel and visulaized with ethidium
bromide. A. Agarose gel electrophoresis was performed on the RT-PCR
products from MC3T3-E1 cells (ALP; 430 bp, GAPDH; 196 bp) (0; 0 day
after treatment with differentiation media, 7, 7 days after treatment with
differentiation media, 15; 15 days after treatment with differentiation media,
20, 20 days after treatment with differentiation media, Control; treatment
with differentiation media only, Sambucus sieboldiana; treatment with
differentiation media and Sambucus sieboldiana) B. The percentage of ALP

mRNA expression was calculated as a ratio of GAPDH band.

Fig. 5. Effect of Sambucus sieboldiana on osteonectin (ON) mRNA expression. A.
Agarose gel electrophoresis was performed on the RT-PCR products from
MC3T3-E1 cells (ON; 173 bp, GAPDH; 196 bp) B. The percentage of ON
mRNA expression was calculated as a ratio of GAPDH band. Other

legends are the same as in Fig. 4.

Fig. 6. Effect of Sambucus sieboldiana on osteocalcin (OC) mRNA expression. A.
Agarose gel electrophoresis was performed on the RT-PCR products from
MC3T3-E1 cells (OC; 268 bp, GAPDH; 196 bp) B. The percentage of OC
mRNA expression was calculated as a ratio of GAPDH band. Other

legends are the same as in Fig. 4.



Fig. 7. Effect of Sambucus sieboldiana on OC mRNA expression by real-time
quantitative RT-PCR (gRT-PCR). The expression level of OC mRNA was
calculated by wusing qcalculator 1.0 program after internal control u6
normalization. Each relative copy number value represents the mean of
three independent experiments. The relative expression of OC mRNA was

accessed by qRT-PCR according to methods described in 'Materials and

Methods'.
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Fig. 1. Microphotographs show MC3T3-E1 mouse osteoblastic cells; A (x 40), B (x

100).
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